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1. Introduction 
Thymus is the site of maturation of T lymphocytes (TL) from bone marrow-derived 
precursors and, therefore, a major organ in the immune system generation and maintenance. 
Thymic function starts as early as during embryonic development and its activity is 
maximal after birth. However, maintain the high mitotic rate that the thymus shows during 
fetal life and first months of life is not cost-effective after childhood. A progressive atrophy, 
enhanced by adolescence, will lead to the thymic output exhaustion later on life. 
Accordingly, it has been long accepted that TL repertory is fixed during childhood and 
thymus activity is no longer necessary in either adulthood or elderly. Thymus anatomical 
situation, in the anterior mediastinum above the heart, situates it in the surgical field of 
important open heart procedures and is therefore routinely removed (partially or totally) in 
patients of any age. Thymic ablation impact during children’s cardiac surgery is being 
studied to determine its potential influence in peripheral TL dynamics, despite only partial 
results are still available. Conversely, since adult and elderly thymic function is usually 
disregarded, thymic ablation during adult’s cardiac surgery is accepted as appropriate and 
harmless. Recent results, however, indicate that thymus could have an active role in elderly 
immune system maintenance, increasing the importance of maximal preservation during 
any-age cardiac surgery. Thus, the aim of this chapter is to analyze the importance of thymic 
function during the different stages of life and to review current evidences of the potential 
clinical impact of both, early childhood and adulthood thymectomy. 
2. Overview of the human thymic gland 
2.1 Embryonic development, anatomy and histology 
During embryonic development thymic epithelium and neighboring mesenchyme are 
derived from the cephalic region of the neural crest. Initially, thymus originates from the 
third pharyngeal pouch as two endodermic buds. Sprouts descend upon the superior 
mediastinum and will thereafter be fused as a V-shaped solid epithelial mass. Epithelium 
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undergoes critical morphological changes and express the major histocompatibility class 
(MHC)-II complex at high levels as well as epidermal growth factor-like proteins that 
control several steps of tissue development and homeostasis, thus playing an important role 
in subsequent TL maturation processes. During the third gestation month thymus is 
colonized, via the bloodstream, by bone marrow-derived multipotential lymphoid stem cells 
(CFU-L), transforming the thymus in a lymphoepithelial organ. Under the inductive 
influence of modified thymic epithelial cells (TECs) lymphoid precursors mature in their 
passage through the thymus to be dumped back to peripheral blood as fully functional TL. 
Developed thymus is a bilobed organ, surrounded by a connective-tissue capsule, located in 
the anterior mediastinum, just behind the sternum, above the heart and ahead the great 
vessels. Fibrous septa divide each thymic lobe into multiples smaller lobes. Thymocytes 
(lymphocytes undergoing maturation process in the thymus) locate heavily packed in the 
periphery of each lobe while the center is only sparsely populated. Therefore, a cortex and 
medulla region are usually identified despite there is no defined anatomical limitation. 
Cortex and medulla compose the true thymic epithelial space (TES), keratin-positive thymic 
epithelium that nourishes immature thymocytes, in which thymopoiesis actually occurs. In 
the human thymus a non-thymopoietic perivascular space (PVS), keratin-negative stroma, 
can also be found. In addition, non-lymphoid epithelial cells, bone marrow-derived 
macrophages and dendritic cells are spread over the thymus. Finally, Hassall’s corpuscles, 
isolated tight whorls of epithelial cells located in the medullar region, are a thymic hallmark. 
Despite its function is still unclear, Interleukin (IL)-4 and IL-7 production could be its 
important contribution to thymocyte maturation and tuition. Vascular supply is rich in the 
thymus, and efferent lymphatic vessels drain into mediastinal lymph nodes. Young human 
thymus description and microphotography are showed in Figure 1A-B. 
A fully functional thymus contains 10% of immature precursors and 15% of mature 
thymocytes waiting to reach the bloodstream as naive (antigen-inexperienced) TL. 
Remaining 75% of the thymocytes are in an intermediate maturation step (CD4+CD8+ 
double positive – DP – thymocytes) and undergoing selection processes. Approximately 
99% of these immature thymocytes will not fulfilled the strict criteria to be safely poured to 
peripheral blood (extended information about the maturation process is provided in the 
next section) and endure programmed cell death in the cortical region, which is full of dying 
individual thymocytes. Phagocyted cells can also be found inside macrophages or cortical 
epithelial cells. Thus, the thymus has a dramatically high rate of both, mitosis and cell death. 
This situation of extensive proliferation and mass death cannot be cost-effectively 
maintained and thymus undergoes a chronically age-related atrophy as evolutionary 
energy-saving method. Atrophy starts from the first year of life (Steinmann et al., 1985) and 
is enhanced by hormonal changes during puberty (Chiodi, 1940). During the atrophy 
process the PVS (adipocytes, peripheral blood lymphocytes and stroma) increases, intensely 
diminishing the amount of TES. Loss of TES - it can be as low as 10% in elderly thymus - 
together with architecture damage that breaks up the cortex/medulla structure leads to a 
less efficient thymopoiesis. Immature DP thymocytes percentages diminish and in situ TCR 
rearrangement is impaired (Sempowski et al., 2000). In addition, lymphoid component 
within the remaining TES also decreases in around 3%/year during the first 35 to 45 years of 
life and 1%/year thereafter (reviewed in Lynch et al., 2009). As a consequence, elderly 
thymuses are mostly adipocyte-filled PVS with isolated lymphoepithelial islets. Figure 1 C-
D show a schematic representation and microphotography of an atrophied thymus. 
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Fig. 1. Schematic representation and microphotography of young (A-B) and atrophied (C-D) 
thymus. C = Cortex; HC = Hassall’s corpuscles; M = Medulla; PVS = Perivascular space; TES 
= Thymic epithelial space; V = blood vessels;  
2.2 T Lymphocyte (TL) maturation 
Thymus is the major site of maturation of TL. Bone marrow-derived lymphoid precursor 
entering the thymus commit to the T lineage. Maturation processes begin in the cortex and 
thymocytes move toward the medulla as they progress in the tuition program. Thymus is 
not only the provider of new mature naive TL to preserve the immune system integrity but 
also ensures that all departing cells are functional and non-self-reactive.  
As shown in Figure 2 most immature cells of the T lineage enter the thymic cortex through 
the blood vessels. After a proliferation step Pro-T thymocytes, CD4-CD8- double negative 
(DN) irresponsive cells that still do not express the T cell receptor (TCR), start expressing the 
terminal deoxynucleotidyl transferase (TdT) enzyme, which adds random nucleotides to the 
TCR genomic sequence to increase lymphocyte diversity. Expression of the Rag-1 and Rag-2 
proteins, necessary for the TCR rearrangement, marks the pre-T cell stage. Pre-T cells are 
still DN thymocytes. Beta chain of the TCR is rearranged at this stage. Β-chain 
rearrangement success is tested in the cellular membrane using a pre-T ǂ-chain. Expression 
of a functional ǃ-chain triggers another proliferation round and the entry into the 
CD4+CD8+ double positive (DP) stage. Thymus atrophy diminishes TES lymphoid 
components by impairing this proliferation step. As a consequence, DP numbers, or DN to 
DP proliferation rates, are the best indicative of thymic functionality. DP thymocytes 
rearrange then the ǂ-chain of the TCR. Once a functional ǂǃ TCR protein is expressed, DP 
thymocytes start a strict scrutiny program. TCR affinity and avidity is checked from every 
thymocyte. Positive selection ensures that only cells presenting a functional TCR reach the 
next step. Thymocytes that do not receive a positive signaling thru a successful TCR 
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Fig. 2. Thymocyte maturation process. 
recognition go to programmed cell death. Afterwards, a negative selection warrants that 
survivors do not have self-reactivity. Thymocytes with strong TCR signaling due to self-
antigen recognition will be also directed to cell death. A small percentage of DP thymocytes, 
approximately 1%, qualify to further maturation. Thymocytes migrate to the medullar space 
expressing a fully functional non-self-reactive TCR. CD4 and CD8 co-receptor expression is 
modulated in this stage and mature thymocyte are CD4 or CD8 single positive (SP) cells. 
Thymocyte maturation and selection need the stimuli provided by the thymic 
microenvironment. TECs, bone marrow-derived macrophages and dendritic cells locate in 
the pathways of thymocyte migration, allowing physical interactions necessary for the 
maturation process. MHC class I and class II molecules (expressed by epithelial and 
dendritic cells); cytokines and chemokines (secreted by thymic stromal cells) provide 
signaling for selection process, stimulate thymocyte proliferation and coordinate the cortical 
to medullary transit. Therefore, non-lymphoid thymic cells play a crucial role in the immune 
system generation. 
2.3 Thymic function-related markers 
Study of thymic function is of great interest either to determine immune system impairment 
in lymphopenia scenarios or to monitor immune reconstitution. However, despite the 
necessity, lack of accurate measurement tools has hampered thymic output assessment. Due 
to its anatomical situation (in the anterior mediastinum, above the heart and ahead the great 
vessels) thymic biopsies are formally contraindicated and indirect measurements are 
needed. Thymic volume determination by thoracic computed tomography (CT) or magnetic 
resonance imaging (MRI) is an accurate indirect approximation and has been very useful to 
determine the role of thymic function in HIV-infected patients’ immune reconstitution 
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(Ruiz-Mateos et al. 2004). Nevertheless, both are expensive techniques where thymic 
inference needs specifically trained radiologists. Moreover, thoracic CT generates high levels 
of radiation. Thus, thymic function-related markers that could be determined from 
peripheral blood samples have usually been first choice for thymic output determination. 
Naive TL quantification was the first proposed related-marker and is still being used. 
Controversy exist regarding the surface markers election that best discriminate the naive 
subset by flow cytometry. High expression of CD45RA, CCR7 and CD27 are commonly 
used to categorize this TL subset, and CD45RA+CD27+ or CD45RA+CCR7+ phenotypes 
seem to both be accurate enough to identify naive T cells (Ferrando-Martínez et al., 2010). 
However, naive TL are defined as mature lymphocytes that still have not find their specific 
antigen (non-experienced lymphocytes), disregarding whether they are recent thymic 
emigrants (RTEs) or long-lived cells. As a consequence, surface markers that could 
truthfully identify RTEs have been long chased. CD31-positive naive TL have very short 
proliferative history and are a RTE-enriched population (Junge et al., 2007). Moreover, 
protein tyrosine kinase 7 (PTK7)-expressing lymphcytes are proposed as precursor cells for 
later differentiation into mature naive TL (Haines et al., 2009). However, a marker that 
specifically characterizes mature thymocytes leaving the thymus is still missing. 
T cell receptor excision circles (TREC) description was a milestone in thymic function 
quantification. TRECs are circular episomal DNA discarded through TCR rearrangement 
processes that can only be thymically produced and lack of replication origin (they cannot 
be copied in periphery). Signal-joint (sj)-TREC quantification, discarded product of the ǂ-
chain rearrangement at DP stage, was described as a new thymic output-related marker 
(Douek et al., 1998). However, TREC counts are deeply affected by peripheral proliferation 
(Hazenberg et al., 2000), increasing the difficulty of interpretation (Harris et al., 2005). 
Moreover, subsequent mathematical models showed that, even in the steady state, the sj-
TREC content is not a good measurement of thymic function (Ribeiro and Perelson, 2007). 
To overcome these limitations, Dion et al. (2004) proposed an elegant technique to quantify 
the ratio between sj-TREC and the ǃ-TRECs, discarded during the ǃ-chain rearrangement at 
a more immature stage (see Figure 2). A proliferation step, directly related to thymic 
function, occurs between the ǃ- and the ǂ-chain rearrangement. Thus, the sj/ǃ-TREC ratio is 
an indirect measure of this intrathymic proliferation step and a thymic function-related 
marker. In addition, since the proportion between both TREC types is evaluated, rather than 
TREC numbers, the results are not affected by peripheral proliferation, even if absolute 
TREC numbers are. Recently, we have described a simplified version of this technique that 
allows an accurate and time- and cost-effective quantification of human thymic function 
from peripheral blood samples (Ferrando-Martínez et al., 2010b). Table 1 summarizes 
different techniques that have been used to determine thymic function together with their 
advantages and disadvantages. 
3. Thymic function and age 
Thymus functionality starts during fetal life and is maximal at birth. After the first year of 
life, thymus goes through a chronic atrophy that progressively diminishes its function, 
eventually leading to thymic function exhaustion in later life. During this process TES loses 
the cortical/medullar architecture, lymphoid components are greatly reduced and TCR 
rearrangement is somehow impaired. Besides, TES is progressively reduced and this space 
is filled with adipocyte-packed PVS. Clinical implications of the age-related loss of thymic 
function and the specific burden of thymic output during different life-stages are still 
controversial. 
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Quantification method Type Advantages Disadvantages 
Double positive (DP) 
thymocytes ex-vivo 
quantification  
Thymic function-
related marker 
Thymic function 
gold standard 
Needs thymic 
biopsy 
Thymic volume Thymic function-
related marker 
Accurate indirect 
approximation 
Irradiation (CT) 
Specifically trained 
radiologist 
Coarser 
quantification 
Naive T lymphocytes Thymic output-
related marker 
Peripheral blood 
sample 
Cannot discriminate 
long-lived naive TL 
Controversy 
regarding markers 
CD31-expressing naive 
T Lymphocytes 
Thymic output-
related marker 
Peripheral blood 
sample 
Short proliferative 
history 
Quantifies a recent 
thymic emigrant 
(RTE)-enriched 
subset rather than 
RTEs 
PTK7-expressing T 
lymphocytes 
Thymic output-
related marker 
Peripheral blood 
sample 
Immature naive TL 
Quantifies a recent 
thymic emigrant 
(RTE)-enriched 
subset rather than 
RTEs 
sjTREC quantification Thymic output-
related marker 
Peripheral blood 
sample 
Intrathymic 
generation 
Deeply affected by 
peripheral 
proliferation 
sj/ǃ-TREC ratio Thymic function-
related marker 
Peripheral blood 
samples 
Intrathymic 
generation 
Not affected by 
peripheral 
proliferation 
Technically difficult 
Table 1. Advantages and disadvantages of the different thymic function quantification 
methods 
3.1 Thymic failure during childhood 
Thymus is the major site of TL maturation and, therefore, essential for the adaptive immune 
system formation. Few clinical situations involve lack of thymus, but all they lead to serious 
consequences. 
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3.1.1 DiGeorge syndrome: Defective thymic development 
DiGeorge syndrome is a congenital malformation involving defective development of the 
structures derived from the third and fourth pharyngeal pouch during fetal life, as thymus 
and parathyroid glands, among others. Depending on the severity of the syndrome, thymus 
can be completely absent or just reduced or misplaced. When thymus is present, thymic 
structure and functionality, despite reduced, is normal. Approximately 90% of all DiGeorge 
syndromes present a specific deletion on the region q11.2 of chromosome 22, while the 
remaining 10% show other chromosomic defects due to gestational diabetes, fetal 
alcoholism syndrome or prenatal exposure to Accutane® (cystic acne treatment). A similar 
defect in thymic development has been reported when mutation in gene T box 1 (TBX1) 
occurs. Principal characteristics of the DiGeorge syndrome are shown in Table 2. 
 
Immune system 
alterations 
Aplasia or hypoplasia of thymus 
 Lymphocyte counts under 1500 cells / µL 
 T lymphocytes absent or greatly reduced 
 T lymphocyte irresponsiveness to polyclonal T cell activators 
and mixed lymphocyte reactions (MLRs) 
 Immunoglobulin levels and antibody function about normal 
(may be reduced in severely affected patients) 
Infectious diseases Susceptible to mycobacterial, viral and fungal infections 
Cardiac affectations Frequent congenic cardiac illness 
Aesthetic affectations Characteristic facial abnormalities 
Others Aplasia or hypoplasia of the parathyroid glands 
 Hypocalcemia 
Table 2. Clinical features of DiGeorge syndrome. 
Most urgent treatment for children with DiGeorge syndrome is Pneumocistiis jirovenci 
prophylaxis. General care includes treating hypocalcemia and correcting cardiac 
abnormalities. When TL immunity is severely compromised, thymus and bone marrow 
transplant can partially restore the adaptive immune system. Severe syndromes usually lead 
to sudden or cardiac-derived death. Surprisingly, less severe syndromes, where TL are 
reduced but not absent, natural improvement due to regrowth of remaining thymic tissue, 
extra-thymic TL maturation or ectopic thymus development can be observed. 
3.1.2 Infectious ablation of the thymus 
Human immunodeficiency virus (HIV)-infected children usually show faster AIDS 
progression than their adult counterparts. Newborns infected during fetal development 
(intra-uterine infection versus infection in the birth canal) show important immune 
alterations from the first day of life. Due to lack of thymic function measurements, thymus 
ablation was defined thru peripheral observations as T lymphopenia involving both CD4 
and CD8 T cell subsets. More severe thymic deficiency was associated with worse clinical 
prognosis. Some of these vertically-infected children present an immunophenotypic profile 
even comparable with DiGeorge syndrome. Infectious thymus ablation is strongly 
correlated with earlier and faster AIDS progression (Kourtis et al., 1996) and increased 
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mortality rates (Nahmias et al., 1998) when compared with children with preserved thymic 
function (usually infected at the birth canal). 
3.2 Thymic failure during adulthood and elderly 
Atrophy implies thymic function reduction and it has been long time assumed that TL 
repertory was fixed during childhood and the thymus was no longer needed during adult 
life. However, different studies showed that adult thymus not only is functional but it can 
even booster its function to expedite immune reconstitution in different scenarios as 
chemotherapy (Mackall et al., 1995) or HIV-infected patients under highly active 
antiretroviral therapy (HAART) (de la Rosa and Leal, 2003).  
During elderly, thymus shows even more reduced functionality. However, despite TES 
reduction and architectural changes, elderly thymus is able to maintain a certain degree of 
thymopoiesis (Jamieson et al., 1999). Thymopoietic degree is widely heterogeneous among 
individuals (Figure 3). In addition, thymic function in elderly people has an active role in 
the peripheral immune system rejuvenation (Ferrando-Martínez et al., 2009). Higher thymic 
function in elderly human is associated with a better preservation of the immune system. To 
add “insult to injury”, thymic failure in healthy elderly leads to a discrete lymphopenia and 
naive T cell drop that eventually allows non-antigen driven homeostatic proliferation 
(Ferrando-Martinez et al., 2011). Homeostatic proliferation correlates with naive TL 
gathering age-related defects leading to irresponsiveness. Despite causality still needs to be 
assessed, altogether these results strongly suggest that elderly thymic function preservation 
or rejuvenation could be of great importance to ameliorate the age-related immune system 
deterioration. In fact, recent results show that thymic function, accurately measured with the 
sj/ǃ-TREC ratio quantification method, in healthy elderly subjects (aged over 65) is 
independently associated with two-years all-cause mortality (Ferrando-Martínez et al., 
2011b).Thus, elderly thymic function still has an active role in the maintenance of the 
immune system and this information should be taken into account to design innovative 
therapies capable of improve elderly quality of life through the immune system 
rejuvenation. 
4. Surgical thymic ablation 
Thymus anatomically locates in the anterior mediastinum, just behind the sternum, facing 
the heart and the great vessels. This location places the thymus in the surgical field of critical 
open heart surgery. Since short-time consequences of either children or adult thymectomy 
have not been reported, thymus is partially or completely removed during this surgical 
procedure. However, recent studies suggest that individuals thymectomized during early 
childhood could have an immunological misbalance later on adulthood. Despite still a 
controversial topic, a continuously increasing body of knowledge supports the choice of 
preserving, as far as possible, thymus integrity. 
4.1 Neonatal thymectomy during congenital heart disease correction 
Congenital heart disease (CHD) comprises aberrant embryonic development or failure to 
progress beyond some early stage during fetal development of any cardiac structure. Septal 
or cyanotic defects, defects causing obstruction in either the heart or blood vessels and 
complex abnormalities are encompassed into CHD. Complex multifactorial genetic and 
environmental causes, rather chromosomal aberrations or single gene mutation (less than 
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Fig. 3. Heterogeneity of the thymic function. Functionality was measured by ex-vivo 
quantification of DP thymocytes. Green arrows show high thymic function among elderly 
individuals (older than 65) while the red arrow show lack of functionality in adult 
individuals (50 to 60 years old). Modified from Ferrando-Martinez et al., 2009. 
10% of diagnosed CHD), are the origin this disease. Prevalence in general population is 
estimated in 1% of all live deliveries. However, frequency rises up to 4% for childbirths of 
women which have been diagnosed with CHD during childhood. Disorders showing mild 
seriousness usually need little or no medical treatment lifetime. However, CHD can be a 
life-threatening condition. Since CHD is a progressive disease from prenatal to adulthood, 
severe conditions can be lethal immediately after birth and also during child/adulthood. 
Deathly forms of CHD usually need invasive surgery to guarantee the patient’s survival. All 
forms together, more than 85% of diagnosed newborns reach adulthood thanks to positive 
adaptation to their condition (non-severe forms) or to successful medical and surgical 
interventions (lethal forms). Over the last 30 years, neonatal surgery to correct serious CHD 
has become usual and, since surgical access is obstructed by the thymus, thymectomy is a 
common practice. 
Several studies, with case-control designs, assessed the potential immune failure of 
thymectomyzed children. Despite data are scarce and methodology heterogeneous, some 
conclusion can be already extracted. When short-term consequences are analyzed (less than 
one year after surgery) low peripheral lymphocyte counts are already reported (Wells et al., 
1998; Turan et al., 2004). From the lymphocyte populations, T cells are preferentially 
decreased. Normal responsiveness to mitogens and none clinical consequence have been 
reported despite the described lymphopenia. Other studies focused in children that 
underwent surgery one to five years before, in order to analyze medium-term consequences 
of thymectomy. The fast drop of the lymphocyte populations was still observed, suggesting 
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that peripheral homeostasis is not enough to maintain normal lymphocyte numbers during 
childhood (Halnon et al., 2005; Mancebo et al., 2006). In addition, low sj-TREC levels are also 
associated with thymectomy. Low levels of sj-TREC per million of cells in the 
thymectomyzed group has been associated with insufficient thymic function. Therefore, 
despite thymectomy is only partial in some individuals and thymic regeneration could be 
observed in some reoperated children, the general appreciation is that remaining 
thymopoietic degree will never reach normal levels in early thymectomyzed individuals. 
However it should be noted that sj-TREC counts are not a good measure of thymic function, 
especially when high peripheral proliferation is involved. On account of thymectomyzed 
individuals evidence low lymphocyte counts early after the surgical procedure, it can be 
assumed that homeostatic-driven proliferation will try to adjust lymphopenia to normal 
levels. High proliferation rates will dilute the sj-TREC content, disregarding changes of 
thymic function. Consequently, even if inefficient thymic function is indisputable due to 
persistently low lymphocyte counts, thymic function dynamics need to be further analyzed. 
It is noteworthy that medium-time costs of thymectomy still do not involve any clinical 
consequence. 
In addition, long-term consequences should be evaluated. Interestingly, long-term studies 
also report persistent lymphopenia (preferentially T lymphocyte drops, as expected) and 
maintained low sj-TREC levels. However, when 20 to 30 years old individuals are analyzed, 
a trend to normalization in naive TL is observed, despite not in all studies. On the other 
hand Eysteinsdottir et al., 2004 reported new immune defects, as impaired Th2 T cell 
response despite normal Th1 response. In this study, thymectomyzed subjects also present 
higher numbers of neutrophils and low platelet counts but normal B lymphocyte and 
natural killer (NK) cell numbers. Low naive T cell counts, high proliferation rates among the 
naive subset and increased IL-7 bioavailability have been also observed (Prelog et al., 2009). 
This later result is especially interesting, since this naive T lymphocytes alteration is also a 
hallmark feature of immune senescence on healthy aging (Ferrando-Martínez et al., 2011). 
Whether this non-antigen driven proliferation is also leading to a naive T cell pool 
exhaustion (described in age-related changes of naive TL) needs to be explored. 
Accordingly, more recent works specifically focused on premature aging. Immune 
senescence, or immunosenescence, comprises the age-related changes of the immune system 
that gather phenotypic and functional defects in both, the innate and adaptive immune 
response. It is generally accepted that thymic atrophy, as the first age-related change, 
triggers the accumulation of lymphocyte frailty. Despite causality needs to be established, 
the prevalence and severity of infectious diseases, probable direct immunosenescence 
consequence, discloses de outstanding importance of the age-related immune exhaustion. 
Immune senescence has also been linked to lack of vaccination response, autoimmunity 
and increase in oncological pathology in elderly subjects. Other clinical situations 
involving immune weakness (as HIV-infection or immune reconstitution after extensive 
chemotherapy) have been analyzed under this point of view, interestingly finding that TL 
which are forced to replenish a strongly damaged immune space usually show premature 
immunosenescence-related defects. Thymic function defects in early childhood can be an 
added model of premature immunosenescence. In this regard, thymectomyzed children 
show several features usually reported in chronological immunosenescence. Naive TL 
have increased proliferation rates, strong oligoclonal CMV-specific responses (that 
probably can accumulate because thymus is not able to replenish the immune space with 
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naive TL), CD57-expressing exhausted cells or systemic inflammation biomarkers (Sauce 
et al., 2009). Lack of vaccine response, as elderly individuals, seems to focus on new 
antigens, despite normal memory responses (Zlamy et al., 2010). As a difference, 
thymectomyzed children have delayed vaccine response, rather that complete lack of 
immunization.  
Finally, some studies report about normal TL counts after 20 – 30 years post-thymectomy, 
suggesting a reestablishment of thymic function later on life. Van Gent et al. (2011) report 
normal naive T cell numbers, adjusted proliferation rates and sj-TRECs numbers, 
concluding that thymectomization has an early impact on the LT compartment that will be 
restored later on life. Thymic regeneration (as measure by image techniques and inferred by 
sj-TREC dynamics) is proposed as major restoration mechanism. The reason why some 
cohorts can observe thymic and LT renewal (van Gen et al., 2011) while other do not (Prelog 
et al., 2009), remains a matter of debate. Partial results and animal models point to the 
possibility that younger thymus (months after birth) could have higher epithelial precursor 
content and, then, higher regeneration potential. However, further studies are needed to 
better clarify whether thymus actually have an age-related drop of regeneration capability. 
The lack of clinical consequences reported by all studies could be explained by thymic 
renewal and immune system restoration during adulthood. Despite all these results are very 
reassuring, it should be note that thymectomyzed individuals grow up with a frail immune 
system the first five to ten years of life and premature immunosenescence features have 
been reported in young adulthood (20 – 30 years old), suggesting that early thymectomy 
have immune consequences that, despite not being overwhelming, could have clinical 
consequences once premature immunosenescence joins the age-related exhaustion of the 
immune system. 
4.2 Adult thymectomy: Open heart surgery 
Valve replacement and ischemic cardiopathy are common open heart surgical procedures in 
adulthood / elderly subjects. Despite neonatal thymus size is larger than the atrophied adult 
thymus is; thymectomy to gain unrestricted view of the operation site is performed at any 
age. Moreover, the widespread belief that thymus from adult individuals completely lacks 
of functionality makes it usually despised. Anyhow, several factors should be pondered. 
First of all, despite the atrophy, elderly thymus still impacts on the peripheral T cell pool 
rejuvenation (Ferrando-Martínez et al., 2009). The more important, thymic function failure, 
in subjects over 65, predicts two-year all-cause mortality (Figure 4) (Ferrando-Martínez et 
al., 2011b). Moreover, myasthenia gravis patients (neuromuscular autoimmune disease 
where thymectomy is associated with better prognosis by unknown mechanisms) benefit of 
complete thymectomy even if thymus is already atrophied (Chen et al., 2011). All results 
together strongly suggest that atrophied thymus is active in different ways rather than an 
inactive surplus. 
In addition, immune system of adult and elderly subjects undergoing open heart surgery 
already present exhaustion and senescence features. Thus, short- and medium-time defects 
induced by thymectomy (clearly present in children up to five to ten years old) will be 
acting on a previously damaged system. Clinical consequences of this damage have not 
been studied yet. Associated comorbidities of an elderly cohort with major cardiac illness is 
not easy, but further studies are needed to evaluate the potential effect of thymus removal 
on survival rates. 
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Fig. 4. Relationship between thymic function and two-year all-cause mortality in healthy 
elderly. Modified from Ferrando-Martínez et al., 2011b. 
5. Conclusions and recommendations 
Neonatal thymectomy have immunological consequences in short- and medium-time, 
despite these defects are not associated with clinical outcomes. T lymphocytes show a 
trend to normalization and stabilization in long-term analysis. Normalization could be 
due to thymic tissue regeneration. However, several features of exhaustion and 
senescence are detected in young adults 20 years old that underwent thymectomy in the 
first year of life. Premature immunosenescence is not found in age-matched non-
thymectomized controls. In a reassuring way, despite the immune response to newly 
encountered antigens is delayed, clinical consequences (increased infection rates or other 
clinical signs of immune weakness) are not observed at any age. Subsequent studies are 
needed to determine the consequences, if any, of the thymectomy-induced premature 
senescence once chronological immunosenescence starts exhausting the immune system. 
On the other hand, elderly thymectomy data is still missing, but information showing that 
thymus still has relevance in seniors strongly suggest the need of caution before 
performing complete thymectomy: thymus removal in elderly individuals aggravates a 
previously frail immune system. 
The topic remains controversial, and strong data are still scarce. Moreover, open heart 
surgery is an important procedure with priority over an immunosenescent scenario. 
However, our recommendation in children’s surgery, where the great size of the thymus 
forces the surgeon to resect to gain unrestricted view of the operation site, is to proactively 
preserve the maximum possible tissue. During interventions of adult or elderly patients, 
which atrophied thymus is no longer a critical problem to reach the surgical field; our 
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recommendation is to preserve the complete organ to guarantee the maximal integrity of the 
immune system. 
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